ABSTRACT
Introduction
Obstructive disease of the renal arteries or renovascular disease can produce two different and independent clinical conditions: renovascular hypertension and renal insufficiency (RI) 1 . Renovascular hypertension by clamping the artery was first described by Goldblatt et al. 2 , pioneer in rat models, focused on pathophysiology study and renovascular hypertension treatment. Currently, this technique is mainly used to test treatments for kidney disease or to obtain greater knowledge of the IN mechanisms through the extension of the lesions, as well as explanations for renal artery stenosis, a disease commonly found chronically in humans 4 . The renal ischemia induction model has previously been performed in animals such as rats 1 and pigs 5 to
analyze the severity and extent of injury and to evaluate therapeutic treatments for secondary hypertension 6 .
Several experiments using stem cell therapy in renal lesions have been made in recent years. A study in rats with mesenchymal stem cell therapy for acute kidney injury induced by ischemia/reperfusion model therapy accelerated renal tissue recovery 7 . The same occurred in a wild rodent (agouti -Dasyprocta prymnolopha) model, in chronic renal injury induced by drugs 8 .
An effective animal model enables the investigation of spontaneous or induced pathological process and resembles the same phenomenon/disease in one or more aspects of the pathological process in humans 9 . The domestic pig is still widely used as an animal model for the study of human disease, and has been shown to be similar to man for biological, anatomic, physiological and nutritional characteristics 10 . However, it has relatively high market value for use in scientific experimentation because of its maintenance. The Suidae model extensively used in various fields of biomedical research, currently, is the mini pig, that is cheaper and easier to maintain under controlled conditions than the domestic pig 11 .
Collared Peccary (Tayassu tajacu) is an ungulate mammal of the Tayassuidae family. The species resemble pigs because they belong to the same order, Artiodactyla, although the pig belong to the Suidae family 12, 13 . Currently these animals are being bred in captivity for economic purposes in some regions of Brazil, and are found from Argentina to southeastern United States 14 . It has body length ranging from 75 to 100 cm and weight 14 to 30 pounds.
They are omnivorous animals and adapt to various types of food in captivity. The food items most commonly ingested by peccaries are maize, cassava , pumpkin , sugar cane , balanced feed for pigs or horses (14% crude protein) and banana pasture (cane, elephant grass, brachiaria and cornstalk ) in specific quantities [15] [16] [17] .
The collared peccary has reference values for CBC 18 , biochemical serum 18, 19 , urinalysis 18 and renal ultrasonography 20 .
Knowledge of renal vascular anatomy provides subsidies for surgical techniques, allowing the identification and dissection of the renal pedicle vessels and consequently the partial occlusion of the renal artery. According to Machado et al. 21 , the kidneys of the collared peccary (Tayassu tajacu) have defined renal vascularization in the main renal arteries that branch into sector arteries. The left kidney has triple sectoral arteries and the ventrocaudal artery predominates.
Romagnolli et al. 22 analyzed the renal anatomy of the Tayassu pecari and stated that it (Tayassu peccary) belongs to the same family as the collared peccary, Tayassuidae, renal artery is always single, a fact also observed in collared peccary 21 , wild boar (Sus scrofa) 23 that belong to superfamily Suidoidae and the domestic pig 24 .
Considering the biology of the collared peccary, their hardiness, disease resistance and good adaptability in captivity, this species could represent a good alternative suidea model for experimental research. The objective of the present study was to establish the collared peccary (Tayassu tajacu) as an experimental model for surgically induced ischemic nephropathy.
Methods
The protocols used in this experiment were approved 02/08-618) of the Federal University of Piaui (UFPI).
Experimental design
A total of 12 collared peccary (Tayassu tajacu) was used and ischemic nephropathy was induced in six of these animals that constituted the experimental group (G1) while the other six formed the control group (G2). The kidneys of the animals (G1)
were evaluated by hematologic tests, urinalysis, ultrasound and Doppler ultrasound before induction, and repeated at five, 10, 15
and 20 days after induction. The animals were subjected to renal ischemia by partial occlusion of the renal artery, and 20 days later unilateral left radical nephrectomy was performed. The control group (G2), also consisting of six collared peccary, the left kidneys were collected by unilateral total nephrectomy for histopathology. 
Sonographic evaluation and Doppler function
The bilateral kidney morphological evaluation was 
Laboratory evaluation
For urinalysis, urine was collected by ultrasound-guided cystocentesis to perform the analysis in a hand refractometer (Quimis Q667 -5), tape urinalysis (Uriquest Vet Plus the Labtest).
Physical, chemical and sediment urine aspects were evaluated, along with other findings of urinalysis.
To check the renal function of the animals, 5 ml of peripheral blood were collected from the cephalic vein punctured with a sterile 10 mL syringe attached to a 23G needle. The blood was centrifuged at 3000 revolutions per minute (rpm) for 10 minutes to remove the serum and perform serum biochemical dosage (Doles model D-250) of urea, creatinine, calcium, phosphorus, potassium, and alkaline phosphatase. 
Surgical induction of renal ischemia and nephrectomy

Statistical analysis
Renal lesions were identified and classified according to adaptation of the methodology described by Konopka et al. 
Results
The results for the induction of ischemic nephropathy in collared peccary (Tayassu tajacu) showed no systemic changes, the animals remained clinically healthy. However, the obstructed kidney had focused alterations. Qualitative data were replaced by scores and analyzed by the Kruskall-Wallis test at 5% significance level, the means were shown to be equal before and after treatment among the days of the experiment (Table 3) . Physical examination showed pale yellow color, straw, gold and cloudy, with a predominance of light yellow color and usually clear urine. The pH of the animal´s urine remained close to neutrality, ranging between acid and basic character, but without significant difference. Ketones, nitrites, glucose were found, as well as leukocytes. In all periods there were findings related to epithelial cell desquamation and transition.
Urinary evaluation showed proteinuria, casts (granular cylinders) and crystalluria (crystals of oxalate monohydrate and dihydrate calcium, triple phosphate and sodium urate) in all the evaluation periods of the experiment. Mucus was not observed in any period, and bacteria were found in only one animal, and only on day 5, indicating urinary tract infection that was treated with antibiotics. Among the findings, the renal length increased significantly (p<0.05) (Table 4 ) of the right kidney on the 10th day post-ischemic induction, compared to day 5 ( Figure 3A ), but no differences were presented in renal length and diameter in other periods. However, means analysis showed a slight reduction in the length and diameter of the left kidney from day 10 and the decrease continued until the 20th day post-induction ( Figure 3D ).
The spectral Doppler US showed values for the blood flow velocity in the renal artery and resistance index. These parameters on the assessment days showed no statistical differences ( Table 4 Renal tubule tubular atrophy, degeneration and necrosis were found in 83.3% (5/6). In the animals of the experimental group, the cells had pyknotic nuclei, increased cytoplasmic eosinophilia and occasionally intratubular cellular debris ( Figure   4H ). In relation to the tubular basement membrane thickening was 83.3% (5/6), rupture 66.7% (4/6) ( Figure 5A ). In 66.7% Studies in the literature on the renal vascular anatomical pattern in collared peccary 21 and phylogenetically related species [22] [23] [24] , were important to the success of the surgery, since they supported the technique used for dissection and occlusion of the left renal artery to induce renal ischemia.
Biochemical analysis of the animals showed that for serum urea levels before and after inducing ischemic nephropathy, values were taken absolutely within the numerical range for the reference species [18] [19] [20] . Increasing concentrations of urea and serum creatinine are considered diagnostic factors for Acute Renal Failure (ARF) and Chronic Renal Failure (CRF) 26 . However, although these levels remained stable in research, it can be said that they are not good markers to indicate either acute or chronic renal lesions, because they did not alter even with this unilateral injury.
The hematological profile of the animals showed no differences between treatment groups and were in accordance with references to species 18, 28 . Thus, the animals showed no changes in normocromia normocitosis and platelets in all phases of the experiment, including the control group. However, on the 5th day after surgical induction a slight decrease was observed, which can be justified by restraint, therefore, both chemical and physical restraint can cause changes in haematological parameters in animals 28, 29 . The platelet count of the animals was within the range found for domestic pigs 30 .
The leucocyte count showed morphologically normal leukocytes during the experiment, which may characterize an ARF or CRF even show a stress response to illness with neutrophilia 31 .
However, as in all periods the average value found was above the benchmark for peccaries 18, 28 , featuring leukocytosis, it is believed that these values consist of a standard among animals used and were not caused by the induction of nephropathy. The right kidney showed no wide divergence cited as the standard for the species 20 , nor statistically significant difference, however, a slight increase was observed from the 10th day of occlusion, as occurred with renal length. The discrete contralateral hypertrophy is probably due to an early compensatory intact response to maintain the function of both kidneys, since one had decreased functional capacity, a fact that also occurred in rabbits with induced CRF 35 .
In Doppler ultrasound, the rate of intra -renal resistance to blood flow can be visualized and evaluated by calculating the RI 36 , which shows a reflection of renal parenchymal resistance 37 . Mean RI values calculated in each kidney may assist in the diagnosis of obstructive unilateral pathologies [38] [39] [40] [41] . The resistivity index and flow velocity in the right and left kidneys showed no alterations, probably due to the ability of renal autoregulation, which allows the maintenance of constant organ blood flow despite possible changes in existing infusion, treating initial compensatory responses without any neurohormonal influence. The intrinsic renal autoregulatory mechanism maintains blood flow constant over a wide range of blood pressures (from 60 to 180 mmHg in humans), however, above these thresholds self-regulation no longer occurs 42 .
In the case of RI, compared to a study made in humans post-transplant, it was found that the RI was not significantly different between patients with edematous alterations not only fibrosis with tubular atrophy and interstitial fibrosis and glomerular and vascular sclerosis 43 , a fact that explains the lack of statistical difference in the injured peccary kidney has proven areas of intense interstitial fibrosis.
However, there was a small increase in the values of the left renal RI and decreased flow velocity from the 10th day of occlusion. This slight change was possibly due to the narrowing in the artery of the distributor body that caused an increase in the resistance and consequently the reduction of perfusion pressure and flow velocity 44 . It is known that higher than normal values for resistance index were reported in some nephropathies 36 . A reverse situation occurred in the intact contralateral kidney with decreased RI and increased flow velocity, as was mentioned earlier probably due to the onset of intrinsic compensatory response.
Histopathological examination was conclusive to validate the induction of renal ischemia in peccaries. The hematological and biochemical tests were within the reference range for the species. This is due to the fact that the model used in both kidneys and stenosis could maintain normal levels of blood and urinary metabolites in the body through the healthy contralateral kidney.
This fact has been observed in studies on the correlation of sonographic and histopathological findings in renal diseases 45 .
Major renal histopathological changes of the peccary with induced ischemia were degeneration and tubular necrosis. Associated with cell death by necrosis, apoptosis regulatory genes are also activated culminating in the greatest loss of cells along the nephron segments that contribute to the onset of renal failure [47] [48] [49] . Another factor that contributes to the pathophysiology of acute tubular necrosis is intra-renal vasoconstriction, which may compromise the circulation by 50%, which hampers oxygen release, exacerbating ischemia 46 .
In mice , morphological changes consistent with ischemic necrosis of renal tubular cells are found after at least 30 minutes of ischemia and after over an hour of reperfusion 49, 50 and in rats subjected to ischemia only renal 1 . Common findings relate to renal injury in the ischemic swine model 51 .
The changes observed in the kidneys of the animals, subjected to ischemia, were predominantly tubular glomeruli with a few morphological changes. This is due to the fact that in the glomeruli, in spite of ischemia, do not undergo necrosis because Congestion and interstitial edema were detected in kidney injury of the animals, as well as in rats induced with nephropathy 35, 49 . Partial or total glomerular sclerosis found in 100% of our animals is a common finding in rats and rabbits, as well as proximal tubular atrophy and increased apoptosis, common in experimentally induced CRF 1, 35 .
The presence of hyaline casts is common in various kidney diseases and were found in 66.7% of the individual injured kidneys. These correspond to plasma proteins filtered at the glomerulus and condensed in the tube, thus indicating that the glomerulus is more permeable than normal. In chronic renal failure there is an increased movement by hyperfiltrated protein in the glomerular capillaries and urinary space mesangium, a process known as "protein traffic". The increase in glomerular filtration of proteins is toxic to the kidney and can contribute to the progression of renal disease 31 .
Bilateral partial occlusion of the kidneys of animals would likely lead to a systemic disease , inducing them to a lethal box , incompatible with the purpose of the study that prioritizes the creation of an experimental model. Thus, one can justify the potential of the peccary as an animal model because of its rapid healing and postoperative recovery; high resistance of these animals that favors clinical and surgical procedures; it is cheap to acquire and maintain and adapts easily to captivity. The other swine models such as the mini pig, on the other hand, has a high market price and needs greater care in its management 26 .
Conclusions
The collared peccary is a good model for ischemic nephropathy induced by surgery. It is a very study animal, easy to adapt to captivity, and its size and body weight favor manipulation, and it has a low maintenance cost compared to other swine models.
It enables the achievement of therapeutic research, including experiments using stem cells for renal tissue repair.
